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ABSTRACT 

We present new time-series CCD photometry, in the B and V bands, for the moderately metal-rich ([Fe/H] ~ 
—1.3) Galactic globular cluster M62 (NGC 6266). The present dataset is the largest obtained so far for this 
cluster, and consists of 168 images per filter, obtained with the Warsaw 1.3m telescope at the Las Campanas 
Observatory (LCO) and the 1.3m telescope of the Cerro Tololo Inter- American Observatory (CTIO), in two 
separate runs over the time span of three months. The procedure adopted to detect the variable stars was the 
optimal image subtraction method (ISIS v2.2), as implemented by Alard. The photometry was performed 
using both ISIS and Stetson's D AOPHOT/ ALLFRAME package. We have identified 245 variable stars in the 
cluster fields that have been analyzed so far, of which 179 are new discoveries. Of these variables, 133 are 
fundamental mode RR Lyrae stars (RRab), 76 are first overtone (RRc) pulsators, 4 are type II Cepheids, 25 are 
long-period variables (LPV), 1 is an eclipsing binary, and 6 are not yet well classified. Such a large number of 
RR Lyrae stars places M62 among the top two most RR Lyrae-rich (in the sense of total number of RR Lyrae 
stars present) globular clusters known in the Galaxy, second only to M3 (NGC 5272) with a total of 230 known 
RR Lyrae stars. Since this study covers most but not all of the cluster area, it is not unlikely that M62 is in fact 
the most RR Lyrae-rich globular cluster in the Galaxy. In like vein, thanks to the time coverage of our datasets, 
we were also able to detect the largest sample of LPV's known so far in a Galactic globular cluster. 

We analyze a variety of Oosterhoff type indicators for the cluster, including mean periods, period distribution, 
Bailey diagrams, and Fourier decomposition parameters (as well as the physical parameters derived therefrom). 
All of these indicators clearly show that M62 is an Oosterhoff type I system. This is in good agreement with the 
moderately high metallicity of the cluster, in spite of its predominantly blue horizontal branch morphology - 
which is more typical of Oosterhoff type II systems. We thus conclude that metallicity plays a key role in 
defining Oosterhoff type. Finally, based on an application of the "A-method," we conclude that the cluster RR 
Lyrae stars have a similar He abundance as M3, although more work on the temperatures of the M62 RR Lyrae 
is needed before this result can be conclusively established. 

Subject headings: stars: horizontal-branch - stars: variables: other - Galaxy: globular clusters: individual 
(M62, NGC 6266) 



1. INTRODUCTION 

By the early 1990's, it was widely perceived that "most 
variable stars that belong to Galactic globular cl usters have 
by now been discovered" dSuntzeff et alj fl991). Indeed, 
Suntz eff et al.l estimated that only a few percent of the to- 
tal population of RR Lyrae variable stars remained to be 
discovered in globular clusters. However, most of the pre- 
1990 studies based their results on photographic photome- 
try, which in many cases appears not to have been precise 
enough to detect small-amplitude variables. On the other 
hand, new techniques, based on image subtraction algorithms, 
have been developed in the last years, which are capable of 
quickly, efficiently and automatically de tecting star variations 
even in the most crowded fields (e.g., Alard 2000; Bramich 
2008). In fact, several studies have reported substantial in- 
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creases in the reported globular cluster RR Lyrae popula- 
tions using these techniques (e.g..lKaluzny. Olech. & S tanek 
1200 U ICorwin et all I2004t IZorotovic et all l2009h . It seems 
that, contrary to what was previously thought, the sample of 
RR Lyrae variables identified so far in Galactic globular clus- 
ters is significantly incomplete, thus rendering further analy- 
ses, based on high-quality CCD observations and image sub- 
traction techniques, well worth the while. 

NGC 6266 (M62) is a high-density (logp c = 5.34 L Q pc 3 ), 
highly reddened [E(B-V) = 0.47] cluster, and is also one of 
the m ost massive in our galaxy, with My = -9.19 dHarrisI 
1996). Located at just 1.7 kpc from the Galactic center, it has 
also been c lassified as a possible post-core collapse globular 
cluster by Trager, Djorgo vski. & King! (I1993L Il995|) - a pos- 
sibility which however was not confirmed by iBeccari et alJ 
(2006) in their study of the radial density profile of the 
cluster. Also worth mentioning is the fact that the cluster 
currently ranks fifth in the number of millisecond pulsars 
(ICocozza et alJl2008l and references therein). 

The morphology of the cluster's horizontal branch (HB) 
shows a prominent blue component, in addition to a very ex- 
tended blue tail, re aching down to a t least the main seq uence 
turnoff level (e.g.. ICaloi et"al][T987l IPiotto et alj|200a . The 
cluster is also know n to be rich in RR Lyrae variables 
(IClement et al.ll200Tl and references therein). These features 
are strikingly similar to those of M15 (NGC 7078), perhaps 
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the best known Oosterhoff type II globular cluster. Yet, M62 
is more metal-rich by about 1 dex, with an fFe/H] = -1.29, 
compared with fFe/H] = -2.26 for M15 dHarrislll996h . Since 
there is significant debate as to whether metallicity or HB 
morphology play the dominant role in defining the Ooster- 
hoff types of globular clusters (e.g., Clement 2000; Pritzl et 
al. 2002), M62 can provide a very important constraint on 
whether metallicity differences, at a fixed HB morphology, 
can by themselves change the classification of an object from 
Oosterhoff type II (as in the case of M15) to Oosterhoff type 
I (as is typical of globular clusters with metallicity similar to 
M62's, but with significantly redder HB types). 

The main time-series study of M62 available in th e litera- 
ture so far was carried out by Ivan Agt & Oosterhoffl (fT959h . 
where extensive photographic observations were presented, 
and peri ods derived for a t otal of 74 (out of 83) stars. More 
recently, Malak hova et al.l (119971) provided a list of 43 addi- 
tional RR Lyrae star candidates in the cluster, but without de- 
termining their periods nor their detailed variability status. As 
a consequence, 126 variable star candidates have been listed 
for the cluster, 74 of which have known periods of variability 
(IClement et al.ll200Tl and references therein). 

Given the availability of high-quality CCD observations 



and state-of-the-art image subtraction techniques, we ex- 
pected to find many new variable stars in the course of our 
new time-series study of M62. Indeed, we were able to find 
more than 200 RR Lyrae stars in M62, in addition to a large 
number of long-period variables (LPV's) and type II Cepheids 
(CpII). 

As reported in Contreras et al. (2005), the newly detected 
RR Lyrae stars in M62 offer us important insight into the role 
played by metallicity in defining Oosterhoff type, suggesting 
that M62 is indeed an Oosterhoff type I (Ool) object, in spite 
of its predominantly blue HB morphology, but in accord with 
its fairly high metallicity. 

The main purpose of the present paper is to provide the new, 
extensive variability data for M62, upon which the prelimi- 
nary results by Contreras et al. (2005) were based. We begin 
in §2 by describing our data and reduction procedures. In §3 
we discuss how the variable stars were detected in our data. 
In §4 we describe the results of a Fourier decomposition anal- 
ysis of the measured light curves. A CMD is produced in §5, 
where our approach to account for the effects of differential 
reddening is also described. In §6 we revisit the Oosterhoff 
type determination for the cluster. In §7 we apply the "A- 
method" to study the He abundance in the cluster, and in §8 
we provide a summary of our results. 



Table 1 

Photometric Parameters for M62 Variables 



ID 


RA (J2000) 


DEC (J2000) 


P(d) 




A v 


(B) 


(V) 


(B-V) mag 


E(B-V) 


Type 


VI 


255.317419 


-30.113051 


0.5047 














RRab 


V2 


255.295900 


-30.134135 


10.59 


1.164 


1.054 


14.408 


13.418 


1.036 




CpII 


V3 


255.275491 


-30.116931 


0.4913 














RRab 


V4 


255.273855 


-30.126022 


0.54113 


1.382 


1.068 


16.889 


16.109 


0.820 


0.511 


RRab 


V6 


255.277571 


-30.105578 


0.4920 


1.363 


1.082 


16.861 


16.121 


0.772 


0.442 


RRab 


V7 


255.310374 


-30.068129 


0.5640 


1.235 


0.946 


16.799 


16.044 


0.785 


0.462 


RRab 


V8 


255.273122 


-30.070173 


0.5327 


1.315 


1.009 


16.779 


16.034 


0.780 


0.462 


RRab 


V10 


255.157448 


-30.071484 


0.53259 


1.531 


1.208 


16.616 


15.948 


0.710 


0.387 


RRab 


Vll 


255.156348 


-30.080112 


0.59823 


0.994 


0.749 


16.651 


15.921 


0.746 


0.369 


RRab 


V13 


255.302296 


-30.105842 


0.3033 














RRc 


V16 


255.279503 


-30.088975 


0.594 


1.441 


1.105 


16.620 


15.883 


0.774 


0.434 


RRab 


V17 


255.296272 


-30.086534 


0.529 


1.475 


1.135 


16.873 


16.109 


0.803 


0.480 


RRab 


V18 


255.292820 


-30.089474 


0.5241 


1.285 


1.027 


16.937 


16.156 


0.806 


0.461 


RRab 


V19 


255.298855 


-30.096809 


0.5227 














RRab 


V20 


255.345754 


-30.070601 


0.47201 


1.590 


1.252 


16.842 


16.099 


0.792 


0.499 


RRab 


V21 


255.337973 


-30.092659 


0.4502 


1.651 


1.301 


16.990 


16.267 


0.781 


0.497 


RRab 


V22 


255.324073 


-30.111547 


0.5013 














RRab 


V23 


255.280529 


-30.125258 


0.44821 


0.693 


0.306 


16.011 


14.699 


1.329 




RRab 


V24 


255.323323 


-30.125505 


0.5223 


1.480 


1.121 


17.309 


16.422 


0.932 


0.620 


RRab 


V25 


255.353541 


-30.134815 


0.4459 


1.691 


1.292 


17.463 


16.626 


0.890 


0.596 


RRab 


V26 


255.245931 


-30.198522 


0.3717 


1.680 


1.210 


14.343 


13.547 


0.862 


0.607 


RRab 


V27 


255.302024 


-30.131513 


0.44916 


1.703 


1.382 


17.183 


16.361 


0.869 


0.562 


RRab 


V28 


255.353523 


-30.109435 


0.4978 


1.424 


1.123 


17.348 


16.610 


0.774 




RRab 


V29 


255.353458 


-30.110630 


0.5653 


1.551 


1.184 


17.238 


16.396 


0.888 


0.574 


RRab 


V30 


255.285077 


-30.165287 


0.3041 


0.565 


0.422 


17.308 


16.502 


0.813 




RRc 


V31 


255.289800 


-30.154549 


0.4855 


1.577 


1.271 


17.496 


16.590 


0.954 


0.655 


RRab 


V32 


255.304371 


-30.152469 


0.5479 


1.315 


0.953 


17.499 


16.571 


0.966 


0.688 


RRab 


V33 


255.300167 


-30.147727 


0.5736 


1.273 


0.973 


17.600 


16.620 


1.009 


0.688 


RRab 


V34 


255.284474 


-30.116560 


0.5834 


1.402 


1.053 


16.789 


15.955 


0.876 


0.559 


RRab 


V35 


255.267377 


-30.108630 


0.5292 


1.271 


0.975 


16.942 


16.153 


0.822 


0.499 


RRab 


V36 


255.290154 


-30.080264 


0.6527 


0.819 


0.659 


16.730 


15.933 


0.810 


0.442 


RRab 


V37 


255.286882 


-30.113188 


0.5844 














RRab 


V38 


255.297099 


-30.127381 


0.77083 














RRab 


V39 


255.264623 


-30.098901 


0.6401 


0.607 


0.479 


16.897 


16.065 


0.840 


0.470 


RRab 


V40 


255.264299 


-30.102617 


0.3012 


0.622 


0.531 


16.790 


16.124 


0.673 




RRc 


V41 


255.265477 


-30.103925 


0.5590 


1.078 


0.801 


16.909 


16.112 


0.821 


0.482 


RRab 


V42 


255.261784 


-30.101339 


0.2469 


0.434 


0.351 


16.689 


16.085 


0.608 




RRc 


V43 


255.285001 


-30.171389 


0.56356 


1.159 


0.859 


17.377 


16.481 


0.925 


0.832 


RRab 


V44 


255.289436 


-30.148943 


0.4456 


1.471 


1.122 


17.631 


16.724 


0.954 


0.681 


RRab 


V45 


255.324166 


-30.166686 


0.51688 














RRab 


V48 


255.276867 


-30.151301 


0.7432 


0.934 


0.725 


17.108 


16.185 


0.940 


0.571 


RRab 


V49 


255.349296 


-30.143648 


0.5434 


1.239 


0.962 


17.414 


16.524 


0.918 


0.599 


RRab 


V50 


255.394967 


-30.123945 


0.50264 














RRab 


V51 


255.398036 


-30.060953 


0.2618 


0.617 




16.883 








RRc 
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ID RA(J2000) DEC(J2000) P(d) 



A B 



A v 



(B) 



(V) (B-V) mag E(B-V) 



Type 



V52 


255 


.328949 


-30. 


V53 


255 


.268551 


-30. 


V56 


255 


.315460 


-30. 


V57 


255 


.319997 


-30. 


V58 


255 


.272245 


-30. 


V59 


255 


.343055 


-30. 


V61 


255 


.372598 


-30. 


V62 


255 


, O \J 1 t -J 


-30. 


V63 


255 


.338601 


-30. 


V64 


255 


.361610 


-30. 


V65 


255 


.275462 


-30. 


V66 


255 


.201993 


-30. 


V69 


255 


.343090 


-30. 


V72 


255 


.245694 


-30. 


V73 


255 


.238968 


-30. 


V74 


255 


.297471 


-30. 


V77 


255 


.392629 


-30. 


V78 


255 


.412564 


-30. 


V80 


255 


.276084 


-30. 


V81 


255 


.267912 


-30. 


V82 


255 


.291579 


-30. 


V83 


255 


309339 


-30. 


NV84 


255 


.271467 


-30. 


NV85 


255 


.276401 


-30. 


NV86 


255 


.282427 


-30. 


NV87 


255 


.284966 


-30. 


NV88 


255 


.285771 


-30. 


NV89 


255 


.288146 


-30. 


NV90 


255 


.290712 


-30. 


NV91 


255 


.293574 


-30. 


NV92 


255 


.294328 


-30. 


NV93 


255 


.298447 


-30. 


NV94 


255 


.306828 


-30. 


NV95 


255 


.311633 


-30. 


NV96 


255 


.315438 


-30. 


NV97 


255 


.323047 


-30. 


NV98 


255 


.321234 


-30. 


NV99 


255 


.323772 


-30. 


NV100 


255 


.332677 


-30. 


NV101 


255 


.331020 


-30. 


NV102 


255 


.334042 


-30. 


NV103 


255 


.331861 


-30. 


NV104 


255 


335589 


-30. 


NV105 


255 


.337117 


-30. 


NV106 


255 


,342344 


-30. 


NV107 


255 


.342654 


-30. 


NV108 


255 


.343116 


-30. 


NV109 


255 


.348015 


-30. 


NV110 


255 


.353263 


-30. 


NV111 


255 


.264451 


-30. 


NV112 


255 


.191976 


-30. 


NV113 


255 


.323088 


-30. 


NV114 


255 


.427287 


-30. 


NV115 


255 


.349885 


-30. 


NV116 


255 


356841 


-30. 


NV117 


255 


.247513 


-30. 


NV118 


255 


.353800 


-30. 


NV119 


255 


.312109 


-30. 


NV120 


255 


.413338 


-30. 


NV121 


255 


.299162 


-30. 


NV122 


255 


.222519 


-30. 


NV123 


255 


.222694 


-30. 


NV124 


255 


.287656 


-30. 


NV125 


255 


.292043 


-30. 


NV126 


255 


.310969 


-30. 


NV127 


255 


.288948 


-30. 


NV128 


255 


.328694 


-30. 


NV129 


255 


.311556 


-30. 


NV130 


255 


.299567 


-30. 


NV131 


255 


.327951 


-30. 


NV132 


255 


.300206 


-30. 


NV133 


255 


.303920 


-30. 


NV134 


255 


.304938 


-30. 


NV135 


255 


.212612 


-30. 


NV136 


255 


.313600 


-30. 


NV137 


255 


.300694 


-30. 


NV138 


255 


.303221 


-30. 



0.50538 
0.2731 
0.5616 
0.5564 

0.481 
0.5791 
0.2660 
0.54807 
0.6421 
0.47299 
0.2523 
0.33383 
0.3136 

0.468 
1.70 
0.4667 

0.319 
0.62170 
0.5962 
0.5309 
0.5648 
0.4676 
0.7312 
0.3196 
0.2913 
0.6424 
0.5807 
0.5581 
0.3273 
0.3167 
0.5256 

0.552 
0.3181 
0.4941 
0.4663 
0.5510 
0.5620 
0.6028 
0.2665 
0.3055 
0.6307 
0.4836 
0.6307 
0.5205 
0.5037 
0.5728 
0.2988 
0.6078 
0.3354 
0.2494 

0.503 

0.478 

0.398 
0.2690 

0.615 

0.321 
0.2987 
0.3191 

0.489 
0.2805 

0.373 
0.3043 
0.4855 
0.2737 
0.5133 
0.5328 
0.2504 
0.3292 
0.2613 
0.3132 
0.2842 
0.3156 

0.336 

0.593 
0.6258 

0.515 
0.6051 



0.654 
1.164 
1.096 
1.159 
1.148 
0.655 
1.235 
0.831 
0.785 
0.485 
0.570 
0.556 
1.422 
1.036 

0.531 
0.880 
0.914 
1.325 
0.835 

0.636 
0.484 
0.565 
0.401 
0.922 

0.602 
0.521 



1.618 
1.582 
1.166 
1.113 
0.565 
0.612 
0.493 
0.737 
0.825 
0.306 
1.517 
1.504 
0.898 
0.539 
1.015 
0.584 
0.462 



0.502 
0.857 
0.854 
0.996 
0.871 

0.958 
0.612 
0.592 
0.397 
0.420 
0.417 
1.053 
0.788 

0.405 
0.613 
0.645 
1.042 
0.642 

0.461 
0.432 
0.433 
0.296 
0.737 

0.462 
0.421 



17.296 
17.089 
17.074 
16.832 
17.093 
17.095 
17.048 
17.533 
17.077 
16.705 
16.676 
16.996 
17.034 
16.147 

17.240 
17.326 
16.985 
16.821 
17.291 

17.003 
17.189 
16.795 
16.876 
16.924 

17.391 
17.090 



16.512 
16.249 
16.235 

16^250 

16.230 
16.547 
16.157 
16.086 
16.011 
16.249 
16.286 
15.243 

16.427 
16.362 
16.090 
16.078 
16.479 

16.111 
16.365 
16.112 
16.049 
16.129 

16.534 
16.337 



1.205 0.966 17.249 16.340 



1.226 
1.257 
0.883 
0.878 
0.410 
0.490 
0.397 
0.541 
0.611 
0.221 
1.162 
1.153 
0.680 
0.442 
0.700 
0.417 
0.311 



17.533 
17.452 
17.096 
17.611 
17.661 
17.097 
17.333 
17.048 
17.588 
17.290 
17.181 
17.175 
17.472 
17.238 
17.464 
17.320 
17.012 



16.609 
16.615 
16.262 
16.670 
16.644 
16.370 
16.516 
16.174 
16.655 
16.380 
16.351 
16.359 
16.541 
16.468 
16.525 
16.483 
16.317 



0.794 
0.864 
0.864 

0.870 

0.845 
1.001 
0.937 
0.623 
0.674 
0.754 
0.795 
0.923 

0.820 
0.979 
0.911 
0.774 
0.826 

0.900 
0.826 
0.690 
0.830 
0.810 

0.865 
0.758 

0.935 

0.970 
0.880 
0.861 
0.969 
1.023 
0.735 
0.821 
0.885 
0.949 
0.913 
0.871 
0.857 
0.947 
0.774 
0.959 
0.844 
0.701 



1.632 


1.221 


17.226 


16.404 


0.873 


1.063 


1.010 


18.423 


17.135 


1.294 


0.671 


0.519 


17.276 


16.529 


0.757 


0.558 


0.390 


17.290 


16.384 


0.913 


0.236 




17.246 






0.558 


0.455 


17.221 


16.468 


0.760 


0.525 


0.397 


17.552 


16.678 


0.880 


1.658 


1.271 








0.498 


0.378 


18.060 


17.251 


0.814 


0.116 




16.845 






0.535 


0.439 


16.990 


16.262 


0.733 


1.539 


1.115 


16.817 






1.677 


1.307 


16.676 


15.942 


0.792 


0.538 


0.359 


17.519 


16.692 


0.836 


0.538 


0.431 


17.371 


16.530 


0.848 


0.764 


0.628 


16.919 


16.189 


0.741 


0.565 


0.479 


16.988 


16.190 


0.802 


0.924 


0.698 


17.099 


16.263 


0.853 


1.160 


0.878 


17.105 


16.227 


0.904 



0.520 
0.535 

0.550 

0.519 
0.642 
0.614 



0.529 



0.619 
0.739 
0.449 
0.483 

0.523 



0.449 
0.437 



0.600 

0.668 
0.572 
0.534 
0.645 
0.653 



0.523 
0.602 

0.565 
0.549 
0.593 

0.602 



0.578 



0.551 



0.502 



0.504 
0.553 



RRab 

RRc 

RRab 

RRab 

RRab 

RRab 

RRc 

RRab 

RRab 

RRab 

RRc 

RRc 

RRc 

RRab 

CpII 

RRab 

RRc 

RRab 

RRab 

RRab 

RRab 

RRab 

RRab 

RRc 

RRc 

RRab 

RRab 

RRab 

RRc 

RRc 

RRab 

RRab 

RRc 

RRab 

RRab 

RRab 

RRab 

RRab 

RRc 

RRc 

RRab 

RRab 

RRc? 

RRab 

RRab 

RRab 

RRc 

RRab 

RRc 

RRc 

RRab 

RRab 

EB 

RRc 

RRab 

RRc 

RRc 

RRc 

RRab 

RRc 

RRc 

RRc 

RRab 

RRc 

RRab 

RRab 

RRc 

RRc 

RRc 

RRc 

RRc 

RRc 

RRc 

RRab 

RRab 

RRab 

RRab 
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ID 






P ir\\ 

f (a; 




Ay 


\ t> ) 


lv\ 


(R—V\ F(R—V\ 
\P V jmag £ \±> V ) 


lype 


NV139 


255.304235 


-30.123830 


0.5405 












RRab 


NV140 


255.313693 


-30.123622 


0.3830 


0.541 


0.427 


16.905 


16.097 


0.813 


RRc 


NV141 


255.302897 


-30.123377 


0.2994 












RRc 


NV142 


255.324870 


-30.122729 


0.2758 












RRc 


NV143 


255.299682 


-30.121951 


0.2959 












RRc 


NV144 


255.297520 


-30.121835 


0.6105 












RRab 


NV145 


255.310817 


-30.121214 


0.5665 












RRab 


NV146 


255.296802 


-30.121044 


0.4660 












RRab 


NV147 


255.301092 


-30.120878 


0.3259 












RRc 


NV148 


255.307127 


-30.120699 


0.5606 












RRab 


NV149 


255.300972 


-30.120147 


0.319 












RRc 


NV150 


255.290041 


-30.119827 


0.5480 


0.910 


0.686 


17.001 


16.159 


0.862 0.538 


RRab 


NV151 


255.294859 


-30.119358 


0.3153 












RRc 


NV152 


255.321269 


-30.119151 


0.3032 












RRc 


NV153 


255.266009 


-30.118983 


0.3129 


0.596 


0.462 


16.807 


16.109 


0.706 


RRc 


NV154 


255.290525 


-30.118882 


0.3151 












RRc 


NV155 


255.304738 


-30.118780 


0.271 












RRc 


NV156 


255.301102 


-30.118553 


0.577 












RRab 


NV157 


255.307981 


-30.118448 


0.7195 












RRab 


NV158 


255.300638 


-30.118371 


0.264 












RRc 


NV159 


255.289372 


-30.118087 


0.3763 












RRc 


NV160 


255.292290 


-30.118020 


0.5437 


1.482 


1.218 


16.933 


16.147 


0.819 0.487 


RRab 


NV161 


255.310399 


-30.117484 


0.5568 












RRab 


NV162 


255.304420 


-30.117429 


0.6032 












RRab 


NV163 


255.306762 


-30.117204 


0.5943 












RRab 


NV164 


255.303820 


-30.116505 


7.6 












CpII 


NV165 


255.302432 


-30.116402 


0.4520 












RRab 


NV166 


255.304920 


-30.116240 


0.290 












RRc 


NV167 


255.314500 


-30.116126 


0.630 












RRab 


NV168 


255.270280 


-30.115961 


0.5754 


0.538 


0.417 


16.965 


16J43 


0.827 0.489 


RRab 


NV169 


255.291652 


-30.115633 


0.5144 












RRab 


NV170 


255.306553 


-30.115631 


0.635 












? 


NV171 


255.318789 


-30.115528 


0.6482 


0.322 


0.254 


17J59 


16.246 


0.914 


RRc? 


NV172 


255.308393 


-30.115490 


0.3132 












RRc 


NV173 


255.305549 


-30.115363 


0.347 












RRc 


NV174 


255.301761 


-30.115313 


0.3175 












RRc 


NV175 


255.321256 


-30.115305 


0.2816 


0.643 


0.516 


17.08 


16.372 


0.725 


RRc 


NV176 


255.305474 


-30.114681 


0.2628 












RRc 


NV177 


255.291754 


-30.114502 


0.6851 












RRab 


NV178 


255.304743 


-30.114507 


0.407 












RRc 


NV179 


255.301488 


-30.114427 


0.5483 












RRab 


NV180 


255.296731 


-30.114401 


1.376 












CpII 


NV181 


255.295084 


-30.113733 


0.5895 












RRab 


NV182 


255.300463 


-30.113602 


0.505 












RRab 


NV183 


255.305893 


-30.113635 


0.5686 












RRab 


NV184 


255.302188 


-30.113549 


0.5722 












RRab 


NV185 


255.313926 


-30.113517 


0.591 












RRab 


NV186 


255.307716 


-30.113428 


0.3025 












RRc 


NV187 


255.298718 


-30.113290 


0.491 












RRab 


NV188 


255.303150 


-30.113177 


0.436 












RRab 


NV189 


255.315829 


-30.113097 


0.5617 












RRab 


NV190 


255.302756 


-30.112618 


0.554 












RRab 


NV191 


255.305548 


-30.112558 


0.5857 












RRab 


NV192 


255.353057 


-30.112569 


0.2652 


0.406 


0.314 


17.250 


16.510 


0.743 


RRc 


NV193 


255.314500 


-30.112496 


0.3198 












RRc 


NV194 


255.317154 


-30.112403 


0.505 












RRab 


NV195 


255.298155 


-30.112409 


0.47 












RRc 


NV196 


255.288121 


-30.112265 


0.3109 












RRc 


NV197 


255.304747 


-30.111837 


0.3183 












RRc 


NV198 


255.289817 


-30.111245 


0.5763 


1.102 


0.782 


16.922 


16.059 


0.889 0.559 


RRab 


NV199 


255.315134 


-30.110762 


0.5568 












RRab 


NV200 


255.293965 


-30.110272 


0.487 












RRab 


NV201 


255.314913 


-30.108397 


0.2507 












RRc 


NV202 


255.307417 


-30.108318 


0.2709 


0.517 


0.439 


16.974 


16.258 


0.720 


RRc 


NV203 


255.301002 


-30.108253 


0.491 












RRab 


NV204 


255.284814 


-30.108090 


0.263 


0.415 


0.329 


16.922 


16^224 


0.701 


RRc 


NV205 


255.295998 


-30.107995 


0.552 












RRab 


NV206 


255.300336 


-30.107351 


0.640 












RRab 


NV207 


255.299857 


-30.106901 


0.265 












RRc 


NV208 


255.298778 


-30.106808 


0.5410 












RRab 


NV209 


255.307591 


-30.106368 


0.2883 












RRc 


NV210 


255.309869 


-30.106245 


0.4370 


1.902 


1.647 


17.015 


16'207 


0.861 0.553 


RRab 


NV211 


255.319518 


-30.106219 


0.3327 












RRc 


NV212 


255.314221 


-30.105641 


0.6072 












RRab 


NV213 


255.303032 


-30.104438 


0.5853 












RRab 


NV214 


255.318374 


-30.103102 


0.587 


1.004 


0.776 


17.154 


16.299 


0.875 0.538 


RRab 


NV215 


255.305126 


-30.102857 


0.4616 












RRab? 
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ID 




\ J\ A yj zuuu ) 




A r> 


A w 


/R\ 
\P) 


/v\ 
\ v / 




E(B—V) 


T 

lype 


NV216 


255.298332 


-30.102701 


0.2666 














RRc 


NV217 


255.283447 


-30.102377 


0.3203 














RRc 


NV218 


255.307103 


-30.101639 


0.4447 


1.485 


1.249 


16.867 


16.095 


0.804 


0.492 


RRab 


NV219 


255.290591 


-30.101456 


0.7177 


0.862 


0.744 


16.940 


16.032 


0.916 


0.509 


RRab 


NV220 


255.303126 


-30.101010 


0.496 














RRab 


NV221 


255.265266 


-30.091025 


0.3300 


0.555 


0.425 


16.802 


16.085 


0.725 




RRc 


NV222 


255.250721 


-30.080969 


0.460 














RRab 


NV223 


255.323255 


-30.080828 


0.5325 


1.346 


1.026 


17.123 


16.305 


0.852 


0.529 


RRab 


NV224 


255.395528 


-30.079961 


0.3196 


0.546 


0.417 


17.725 


16.952 


0.779 




RRc 


NV225 


255.322496 


-30.079209 


0.2884 


0.396 


0.252 


16.352 


15.353 


1.004 




RRc 


NV226 


255.285658 


-30.071786 


0.6301 


1.073 


0.796 


16.736 


15.984 


0.776 


0.450 


RRab 


NV227 


255.450562 


-30.068877 


0.456 


1.725 


1.290 


18.629 


17.774 


0.899 


0.564 


RRab 


NV228 


255.334192 


-30.068270 


0.6417 


0.380 


0.322 


17.132 


16.253 


0.881 


0.479 


RRab 


NV229 


255.337618 


-30.066281 


0.2773 


0.295 


0.248 


16.765 


16.106 


0.660 




RRc 


NV230 


255.332977 


-30.096293 
















LP 


NV231 


255.324541 


-30.097949 


~16 














LP/CpII? 


NV232 


255.321150 


-30.136159 
















LP 


NV233 


255.318726 


-30.108153 


~49 














LP 


NV234 


255.308946 


-30.113105 
















LP 


NV235 


255.307303 


-30.111160 
















LP 


NV236 


255.307158 


-30.110023 


~50 














LP 


NV237 


255.303834 


-30.130456 
















LP 


NV238 


255.304566 


-30.106671 
















LP 


NV239 


255.303782 


-30.113794 


~75 














LP 


NV240 


255.303710 


-30.118210 
















LP 


NV241 


255.303521 


-30.116544 


0.525 














RRab? 


NV242 


255.302059 


-30.108011 


~36 














LP 


NV243 


255.301054 


-30.113012 


0.4911 














RRab 


NV244 


255.298619 


-30.119052 
















LP 


NV245 


255.297277 


-30.084141 


~88 














LP 


NV246 


255.295958 


-30.105957 


0.5086 














RRab 


NV247 


255.295155 


-30.120411 


0.4928 














RRab 


NV248 


255.294099 


-30.114300 
















LP 


NV249 


255.292809 


-30.111699 


0.2476 














RRc 


NV250 


255.292034 


-30.119580 


~65 














LP 


NV251 


255.290391 


-30.115419 
















LP 


NV252 


255.281460 


-30.119274 
















LP 


NV253 


255.280065 


-30.102644 
















LP 


NV254 


255.278510 


-30.126721 


~90 














LP 


NV255 


255.278235 


-30.114604 
















LP 


NV256 


255.278240 


-30.102156 
















LP 


NV257 


255.274444 


-30.135636 


~33 














LP 


NV258 


255.308126 


-30.120434 
















LP 


NV259 


255.298877 


-30.063971 


0.6704 














RRab? 


NV260 


255.305121 


-30.102731 


0.2540 














RRc 


NV261 


255.300681 


-30.123291 


0.5041 














RRab 


NV262 


255.261271 


-30.109493 
















LP 



2. OBSERVATIONS AND DATA REDUCTIONS 

M62 was observed in conjunction with M69 (NGC 6637; 

Escobar et al. 201 0, in preparation) and NGC 5286 

dZorotovic et al J 120091 120101) as part of a long-term project 
aimed at completing the c ensus of (bright) va riable stars in 
Galactic globular clusters (Catela n et al.ll2006l) . Time-series 
observations in B and V were obtained with the Warsaw 1.3m 
telescope at the Las Campanas Observatory (LCO), in the 
course of 7 consecutive nights over the period April 6-13 
2003. The camera used is the 8kMOSAIC camera, comprised 
of eight 2040 x 4096 chips, with a scale 0.26"/pixel giving 
an observing area equal to 35' x 35'. The cluster was roughly 
centered on chip 2, and so in this paper we focus our anal- 
ysis on this chip (which covers a sky area of 8.8' x 17.8'). 
The monitored field on chip 2 covers most of the cluster area, 
as the tidal radius of M62 is estimate d at r = 8.95 arcmi n 
dTrager et al.ll 19951) or r = 10.01 arcmin dBeccari et al.l l2006). 
The read out noise of the camera is 6 to 9 e~ (depending on 
the chip) and the gain is 6.3 e"/ADU. A total of 126 images 
in B and 126 in V were secured with this setup. During the 
nights of the observations, the seeing was stable enough with 
an average measured stellar point-spread funtion (PSF) on the 



frames of about 0.98" FWHM. Exposures times ranged from 
100 s to 220 s for the B frames and 30 s to 90 s for the V 
frames. 

Observations of the standard fields PG+0918, PG+1323, 
PG+1525, PG +1528, PG+1633, PG+1657 and Ru 152 
(lLandoltl 19921) were obtained on the same nights, to calibrate 
the data to the standard Johnson-Cousins photometric system. 
In order to provide better sampled light curves, the Warsaw 
data were complemented by observations obtained with the 
Cerro Tololo Inter- American Observatory (CTIO) 1.3m tele- 
scope in service mode, using the ANDICAM 1024 x 1024 
CCD, with a scale 0.369"/pixel, over the timespan April 24 
2003 to June 30 2003. This additional dataset consists of 42 
images in each of B and V, and permitted us to extend the 
time interval spanned by our observations up to about three 
months, thus resulting very useful to pin down periods and to 
search for long-term variability. The exposure times in this 
case were 145 s for the B frames and 40 s for the V frames. 
The seeing during these observations was on average ~ 1.3", 
with stable and good photometric conditions. However, no 
standard fields were observed with the CTIO 1.3m telescope. 
The LCO images were pre-processed with the Warsaw 1.3m 
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Table 2 

Photometry of the Variable Stars 



Name 


Filter 


JD 


Phase 


Mag 


e_Mag 






(d) 




(mag) 


(mag) 


V01 


V 


2,452,736.54861 


0.0000 


16.2351 


0.0031 


V01 


V 


2,452,736.55367 


0.0080 


16.2779 


0.0042 


V01 


V 


2,452,736.55977 


0.0176 


16.2787 


0.0051 


V01 


V 


2,452,736.57490 


0.0414 


16.3361 


0.0054 


V01 


V 


2,452,736.58749 


0.0612 


16.3878 


0.0059 


V01 


V 


2,452,736.59664 


0.0756 


16.3996 


0.0059 



Note. — This table is published in its entirety in the electronic edition of the 
Astronomical Journal. A portion is shown here for guidance regarding its form 
and content. 



pipeline, so that no additional pre-reduction steps were neces- 
sary. The preliminary reduction of the CTIO frames, includ- 
ing bias subtraction and flat fielding, were carried out using 
the standard IRAF0 data reduction package. 

Since no photometric calibration was obtained during the 
CTIO run, we used the well calibrated LCO set to link the 
CTIO instrumental magnitudes to the standard Johnson sys- 
tem. With this purpose in mind, we performed a cross correla- 
tion between the LCO and the CTIO catalogues, and then se- 
lected the best 50 stars in common that covered a sufficiently 
wide range in color to prevent any residual uncorrected color 
trend. These selected stars were then used to calibrate the 
CTIO data by means of a least-squares fit. 

We will provide further detailed information regarding our 
calibration in Paper II (Contreras et al. 2010, in preparation), 
when a detailed analysis of our derived cluster CMD will also 
be provided. In any case, we note that our derived calibration 
equations are well defined, and have zero point errors of only 
about 0.006 mag mB and 0.01 1 mag in V, with similarly small 
errors in the derived color coefficients. 

3. VARIABLE STARS IDENTIFICATION AND PERIOD 
DETERMINATION 

Since the pioneering effort by Tomanev & Crotts ( 1996), it 
became clear that the image subtraction technique is one of 
the best tools for identifying variable stars in crowded fields 
like globular clusters, due to its powerful capability of com- 
paring images after all non-variable objects have been re- 
moved . We have s elected the ISIS v2.2 package for this pur- 
posee ( Alard 2000). The ISIS reduction procedure that we fol- 
low consists of several steps: (1) We transform all the frames 
to a common coordinate grid, where the image taken with the 
best seeing was chosen as astrometric reference; (2) We se- 
lect 10% of our frames with the best seeing conditions to con- 
struct a composite, reference photometric image; (3) We then 
subtract each individual frame from the composite image, af- 
ter convolving the latter so that both images end up having 
similar PSF's. As the flux of non-variable stars on both im- 
ages should be essentially identical, such objects will disap- 
pear when one image is subtracted from the other, and the re- 
maining signal will (ideally) come exclusively from variable 
stars; (4) We construct a median image of all the subtracted 
images (known as "var.fits") in order to enhance these weak 
individual (residual) signals, and thus making variable stars 
candidates more easily identifiable as significant peaks in the 
median image; (5) Finally, profile-fitting photometry was per- 

6 IRAF is distributed by the National Optical Astronomy Observatories, 
which are operated by the Association of Universities for Research in As- 
tronomy, Inc., under cooperative agreement with the National Science Foun- 
dation. 



Table 3 

Fourier Coefficients for RRc Variables in M62 



ID 


A 2 i 


An 


A 4 i 


4>2l 


*3I 


041 


V30 


0.124 


0.068 


0.039 


4.514 


3.29o ± 0.120 


2.196 


V40 


0.144 


0.078 


0.057 


4.932 


1 £1 A 1 A noo 

3.624 ± 0.0&3 


2.188 


V42 


0.056 


0.023 


0.023 


4.159 


f\ one 1 ft A A o 

0.825 ± 0.448 


0.581 


V53 


0.163 


0.096 


0.080 


4.761 


2.9 lb ± O.OoO 


1.709 


V65 


0.081 


0.038 


0.058 


4.954 


A 1 r>~» i r\ a <\i 

4.192 ± 0.4U/ 


2.908 


V66.. 


0. /40 


0.647 


0.540 


A TAT 

0.262 


<: ill j_ r\ Ann 

6.243 ± o.ooy 


6.259 


v6y 


0.067 


0.057 


0.032 


4.673 


J.yjO ± 0. 154 


2.y60 


V77: 


0.133 


0.138 


0.073 


6.268 


A f\1 1 1 ft 1 £.£. 

4.01 3 ± 0.166 


2.574 


NV85 


0.074 


0.069 


0.020 


4.903 


A AAt 1 r\ 1 in 

4.001 ± 0.120 


1.797 


NV86 


0.133 


0.081 


0.037 


4.534 


3.561 ± 0.106 


2.417 


NV90: 


0.143 


0.028 


0.071 


5.017 


3.616 ± 0.455 


2.751 


NV91 


0.100 


0.074 


0.030 


4.875 


"> (VT1 1 ft 1 1 £L 

i.yll ± 0.1 16 


2.817 


NV100 


0.176 


0.077 


0.061 


4.641 


i ic\ a I i\ non 

2. /y4 ± o.o&y 


1.703 


NV 101 


0.063 


0.054 


0.049 


5.314 


j.jyZ ± 0. iy4 


2.700 


NV108 


0.112 


0.089 


0.013 


4.542 


i dm I n 1 if 

3. 602 ± 0.1 15 


2.150 


NV1 10 


0.085 


0.087 


0.066 


5. 124 


A 1 1 Q _L n 1 f\A 

4.1 lo ± 0.1U4 


2.o6d 


NV111:: 


0.046 


0.086 


0.093 


4.375 


A HI 1 A 1 C\£L 

4.317 ± 0.106 


0.925 


NV1 15 


0.184 


0.075 


0.052 


4.711 


i om I r\ i\ic\ 

2.o0/ ± o.o/y 


1.773 


NV1 18 


0.1 15 


0.074 


0.046 


4.633 


3.505 ± 0.106 


2.446 


NV1 19 


0.090 


0.056 


0.043 


4.440 


3.vy3 ± o.i4y 


2.296 


NV121 


0.064 


0.083 


0.036 


4.642 


1100 I A 1 TO 

3.138 ± 0.133 


2.480 


NV123 


0.101 


0.075 


0.041 


4.512 


f ota I n 1 on 

3.839 ± 0.130 


2.705 


NV128: 


0.187 


0.025 


0.021 


3.889 


l.oy I ± 0.4y2 




NV131 


0.095 


0.079 


0.039 


5.002 


1 i A I n ni 

3.764 ± 0.131 


2.308 


NV132 


0.096 


0.042 


0.030 


4.058 


4.687 ± 0.258 


2.598 


NV133: 


0.115 


0.071 


0.050 


4.675 


4.236 ±0.162 


2.321 


NV140 


0.035 


0.079 


0.028 


5.767 


4.863 ±0.134 


3.072 


NV153 


0.113 


0.051 


0.037 


4.894 


3.688 ±0.150 


2.227 


NV175 


0.136 


0.101 


0.049 


4.558 


3.055 ±0.083 


1.833 


NV192 


0.090 


0.028 


0.026 


4.788 


2.338 ± 0.398 


1.210 


NV202 


0.131 


0.046 


0.037 


4.878 


2.782 ±0.413 


0.751 


NV204: 


0.176 


0.084 


0.081 


4.028 


2.769 ±0.214 


5.780 


NV221: 


0.120 


0.110 


0.071 


5.602 


4.185 ±0.121 


3.345 


NV224 


0.109 


0.088 


0.036 


4.735 


3.653 ±0.131 


1.639 


NV225: 


0.145 


0.091 


0.113 


4.341 


4.403 ±0.197 


2.116 


NV229: 


0.060 


0.037 


0.005 


4.846 


4.208 ± 0.450 


0.562 



formed for each variable star candidate on the subtracted im- 
ages. 

Periods were determin ed using the phase dispertion mini- 
mization (PDM) method Stellingwerf] ( 1 19781). as implemented 
in IRA F. PDM is a generalization of the lLafler & Kinmanl 
(1965), and essentially attempts to identify the phased light 
curve that produces the minimum scatter in phase. We were 
thus able to detect and confirm the existence of at least 245 
variable stars in the field of M62, including 209 RR Lyrae, 
4 type II Cepheids, 25 LPV's, 1 eclipsing binary, and 6 of 
uncertain nature. Among the detected RR Lyrae, 133 are 
fundamental-mode (RRab or RR0) pulsators, whereas 76 are 
first-overtone (RRc or RR1) stars. We must stress that just 
1 out of the 8 Warsaw 1.3m chips were analyzed, and so the 
total number of (undiscovered) variable stars in the cluster is 
almos t certainly higher. Indeed, although the iBeccari et alj 
(2006) profile suggests that we should find « 98.6% of all 
cluster stars within 185" of the cluster center, we find clear 
evidence for an excess of variable stars whose properties are 
consistent with cluster membership further out. More specif- 
ically, in chip 2 we find about 4 times more variable stars 
outside 185" than predicted by the cluster's density profile. 
More details are provided in $5] The remaining chips will be 
the subject of a future paper, where the possible existence of 
extra-tidal stars in this cluster will also be examined. Finding 
charts for the M62 variable stars are presented in Figure Q] 

We identified 66 of the 83 known variable st ars discovered 
in pre vious studies (see the online catalogue bv lClement et al.l 
I2001L for a listing). Of the remaining 17 stars, we were un- 
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Figure 1. Finding chart for the variable stars in M62, based on the Warsaw 
1.3m chip containing the cluster center. A zoom in around the dot-dashed 
region is shown in the next panel. 

able to confirm variability for 2 of them, whereas the other 
15 stars fal l outside the fields that we have analyzed. On the 
other hand, Malakho va et al.l (11997 ) find an additional 43 stars 
that they claim to lie in the instability strip of the cluster, and 
which are accordingly RR Lyrae candidates. In our study we 
were able to confirm the variability of 27 among their 43 can- 
didates, with the remaining 16 stars being non-variable in our 
data. 

Taking into account the 209 RR Lyrae stars detected in 
our study and the 1 5 additional RR Lyrae stars listed in 
IClement et al. (2001) which fall outside our studied fields, 
this gives a total of 224 RR Lyrae stars that are known so far 
in this cluster. For comparison, the most RR Lyrae-rich (in 
the sense of total number of RR Lyrae stars present) globu- 
lar cluster known in our galaxy, M3 ( NGC 5272), possesses a 
total of 230 reported RR Lyrae stars dClementini et al.l l2004). 
being followed by u> Centauri (NG C 5139), with a total of 
178 RR Lyrae (IClement et al.ll2001l) . Clearly, our detections 
place M62 among the most RR Lyrae-rich globular clusters 
known, and further analysis of the outer fields not included 



in our study is not unlikely to give it the title of the most 
RR Lyrae-rich of all known globular star clusters (see also 
IContreras et al.l 120051) . In terms of the specific frequency of 
RR Lyrae variables, given by S RR = N RR x 10 (I4(7 - 5+M ^_and 
using for the cluster a My = -9.19 (as given in the iHarrisi 
1996 catalog, Feb. 2003 update), one finds S RR = 47.2, which 
is very similar to the value S RR w 46 originally reported by 
IContreras et al.l (120051) . and which again confirms the fact that 
M62 is an extremely RR Lyrae-rich object, since there are 
at present onl y 9 clu sters with higher known S RR , again ac- 
cording to the Harris catalog. In this sense, also noteworthy 
is the large number of LPV stars detected in the M62 field, 
with a total of 25 variables, 18 of which appe ar to be likely 
cluster members (see According to the IClement et alj 
catalogue, previously the most LPV-rich of all globular clus- 
ters was w Cen, with a total of 15 LPV stars. This suggests 
that M62 may also be the most LPV-rich known of all glob- 
ular clusters (again in the sense of total number of LPV stars 
present). 

While ISIS is very efficient in detecting variables stars in 
crowded fields, it presents the drawback of providing light 
curves in flux values relative to the composite frame. For this 
reason, ISIS does not provide light curves in standard magni- 
tudes, and the composite image has to be processed indepen- 
dently for this purpose. To put our light curves in standard 
ma gnitude units, we follow ed the procedure recommended 
by iMocheiska et alj (12.001b . for those variable stars which 
could be reliably measured in the reference frame. More 
specifically, the variable stars detected by ISIS were counter- 
identified with the B, V master catalogue of the r eference 
frame as o btained with DAOPHOT/ALLFRAME dStetsonl 
[19871 IT9941). T hen, following the same procedure as in 
Mocheiska et all this allowed us to transform the light curves 
from differential fluxes into magnitude units. 

While DAOPHOT/ALLFRAME represents an excellent 
tool to perform absolute photometry in the crowded regions 
found in globular clusters, it is still often the case that the 
variable stars located in the very crowded cluster center, as 
well as those located near bright and/or saturated objects (or 
close to the edges of the frames) will lack reliable photometry, 
even in our best seeing (reference) images. Therefore, among 
our sample of variable stars, 110 objects have differential flux 
light curves only, either because we could not measure their 
magnitudes on the reference frames, or because we consider 
that they lack reliable DAOPHOT/ALLFRAME photometry 
due to one or more of the aforementioned reasons. 

Photometric properties and basic elements for the 245 vari- 
able stars in our study are presented in Table Q] Column 1 
indicates the star's ID. Columns 2 and 3 provide the right as- 
cension and declination (J2000 epoch), respectively, whereas 
column 4 gives our derived periods. Columns 5 and 6 list 
the derived amplitudes in the B and V bands, respectively. 
Columns 7 and 8, give the intensity-weighted mean B and 
V values, while column 9 shows the magnitude-weighted 
mean color. In column 10 we provide our derived redden- 
ing values for individual RRab stars (see ^5] for more de- 
tails), and finally column 11 indicates the star's variability 
type. We assigned a prefix "NV" to the newly identified ob- 
jects, incjuchng_fhe_rariable star candidates (NV84-NV110) 
from iMalakhov a et al.l (119971) . For the previously known 66 
confirmed variables in our field, we obtain revised periods 
based on our data alone, since these new periods produce less 
scattered light curves than the old ones. The exception are 
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Figure 1, con*. Finding chart for the variable stars in M62. A zoom in around the dot-dashed region is shown in the next panel. 



variables V4, V10, VI 1, V20, V23, V27, V38, V43, V45, 
V50, V52, V62, V62, V64, V66 and V78, where we adopt 
periods from the IClement et al.l (1200 ll) online catalog, since 
they provide good matches to our data. Sample light curves 
for the newly detected variables stars are shown in the Ap- 
pendix, whereas the complete set of light curves can be found 
in the electronic version. The light curve data are provided, in 
machine-readable form, in Table|2] 

3.1. Notes on Individual Variable Stars 

VI, V3: Periods f o r thes e stars are not provided in the on- 
line OiminLsLlD (GOOl) catalog. The derived periods are 
based on an analysis of the CTIO images, even though only 
the LCO photometry is shown in the electronic version of the 
Appendix. 

V77, NV117, NV149, NV155, NV166, NV174, NV176, 
NV178, NV186, NV197, NV202, NV204, NV207, NV225, 
NV229: These are short-period RRc stars with seemingly 



variable light curves. We have not been able to identify any 
source of spurious error in our photometry that could affect 
these stars in particular. 

NV92, NV103, NV124, NV126, NV129, NV167, NV182, 
NV200, NV203, NV211, NV220: The derived periods are 
based on an analysis of the CTIO images, even though only 
the LCO light curves, which present significantly less scatter 
but do not constrain these stars' periods as tightly, are shown 
in the Appendix. 

NV112, NV120, NV137, NV187, NV194: These stars 
present several aliases, and could not be detected in the CTIO 
data. The periods adopted are the ones that appear most con- 
sistent with an RRab type. 

NV134, NV149: These stars present several aliases, and 
could not be detected in the CTIO data. The periods adopted 
are the ones that appear most consistent with an RRc type. 
NV159, NV169: These stars show a curious mismatch in the 
light curves around phase 0.8 for the adopted periods. How- 
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Figure 1, cont. Finding chart for the variable stars in M62 (innermost region). 

ever, the latter are confirmed on the basis of the CTIO data. 
NV170: This star presents several aliases, and an uncertain 
classification. 

NV215: This star's light curve presents an unusual behavior 
close to minimum light. A similar behavior is found in both 
the LCO and CTIO datasets, though the latter is considerably 
more noisy and contains fewer datapoints. 

4. FOURIER DECOMPOSITION 

In the Fourier decomposition method, the light curves of ab- 
type pulsating stars are frequently fitted with a Fourier series 
of the form 



mag = Aq + Aj sin(jw? + (f>j) , 



(1) 



where w = 2ir/P. The light curve shape is then quantified in 
terms of the lower-order (j = 2-4) coefficients Ap =Aj/A\ 



and cj)ji = cj)j-j(f)\. In the case of c-type RR Lyrae, a simi- 
lar procedure is followed, but a cosine decomposition is fre- 
quently used instead. In our study, we performed such Fourier 
decomposition of the RR Lyrae light curves, using n = 10, 
and adopting a sine series for the RRab and a cosine se- 
ries for the RRc stars. Amplitude ratios Aj\ and phase dif- 
ferences (f)j\ for the lower-order terms are provided in Ta- 
bles [3] and |4] for the RRc and RRab stars, respectively. For 
the RRab stars we also give the Jurcsik-Kovacs D m value 
dJurcsik & K ovacs 1996, computed on the basis of their eq. 6 
and Table 6), which is intended to differentiate RRab stars 
with "regular" light curves from those with "anomalous" light 
curves, such as those presenting t he Blazhko effect (but see 
ICacciari. Corwin. & Carnevl 12005, for a critical discussion 
of D m as an indicator of the occurrence of the Blazhko phe- 
nomenon). In these tables, a colon symbol (":") indicates 
an uncertain value, whereas a double colon ("::") indicates a 
very uncertain value, the latter being provided for complete- 
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ness only. The er ror in the foi co efficient was obtained from 
equation (16d) of lPetersenl (11986b . 

4.1. RRc Variables 

iSimon & ClemenJ (11993b demonstrated, based on hydro- 
dynamical models, that Fourier decomposition of RRc light 
curves can potentially provide a very useful technique for de- 
termining physical parameters of these stars. As a matter of 
fact, they have provided equations relating the masses, lumi- 
nosities, temperatures, and even a "helium abundance param- 
eter" of c-type RR Lyrae stars to their periods and <f)j,i values. 
Althought these equations have been widely use in literature 
they must be used with some caution, since a combination 
of their equations for the RR Lyrae masses and luminosi- 
ties gives results that are inconsistent with t he period-mean 
density equation of stellar pulsation theory (Catelan 2004b; 
iDeb & Sing h 2010). Accordingly, while we still provide lu- 
mi nosities, masses an d temperatures derived on the basis of 
the lSimon & Clementl relations, we warn the reader that these 
quantities cannot all be simultaneously valid, and should ac- 
cordingly be used for comparison with similar work for other 
GCs only. 

Based on the Si mon & Clement! ( 1 19931) relations, we find 
that an error of 0.2 in 03i leads to an error of ~ 0.03M Q 
in mass and ~ 0.03 mag in (bolometric) magnitude, and so 
we apply this method only to RRc stars with errors in <f>n of 
0.2 or less. We thus computed values of M/Mq, log(L/L Q ), 
logr e ff, and "helium abundance parameter" y (which, as is 
well known , is not necessarily equal to the helium abundance 
Y; see, e.g.. lCorwin et al.ll2003l) : the resulting values are pro- 
vided in Table [5] where w e also provide [Fe/H] zw84 values 
(in the Zinn & West 1984, scale), based on the ca l ibrat ion re- 
cently provided by Morg an. Wahl. & Wieckhorst (2007J), and 
My values, based on the calibration by Kovacs ( 1998). 

As the reader will readily notice, many of the mass values 
given in Table [5] are too low, approaching the mass o f the de- 
gener ate helium core at the He flash (~ 0.5M Q ; see ICatelanl 
120091 for a recent review). Such lo w mass values, wh ich are 
not uncommon in the literature (e.g. JCorwin et al. 2003[ and 
referenc e therein) likely confirm the existence of a problem 
with the Simon & Clement ( 1993) calibration equations. 

For the 21 retained RRc stars the unweighted mean values 
and standard deviations of the mass, log luminosity, effective 
temperature and helium parameter are (0.533 ± 0.04)M/M Q , 
1.663 ±0.01, (7413 ±34) K, and 0.293 ±0.003, respectively. 
The mean metallicity, in turn, is found to be [Fe /H] zw84 = 
-1.23 ±0.09. 

According to the iKovacsl (119981) calibration, the mean ab- 
solute magnitude in V of these RRc stars turns out to be 
(My) = 0.714 ±0.033. Since for these stars we also have 
a (V) = 16.44 ±0.06 mag (standard error of the mean), this 
gives for the cluster an apparent distance modulus of (m- 
M) v = 15.73 ±0.068 mag. 

4.2. RRab Variables 

In a series of papers, the Hungarian team has provided a 
calibration of several physical parameters of "well-behaved" 
(as indicated by the aforementioned D m parameter) ab-type 
RR Lyrae stars as a function of their Fourier decomposi- 
tion parameters (e.g.. lJurcsik & Kovacslll996t lJurcsiklll998t 
iKovics & Walker|[l9 99, 2001). Unlike the approach adopted 
bv ISimon & Clementl (119931) " for the RRc stars, their method 
does not rely on hydrodynamical models for the calibra- 
tion. Following the same approach as described in detail in 



Table 4 

Fourier Coefficients for RRab Variables in M62 



ID 


A21 


A31 


A41 


<h\ 


*3I 


*4I 





V4 

V6: 

V7 

V8 

V10 

Vll:: 

V16 

V17 

V18 

V20 

V21 

V23 

V24 

V25 

V26 

V27 

V28:: 

V29 

V31: 

V32 

V33 

V34 

V35 

V36 

V39 

V41 

V43 

V44 

V48 

V49 

V50:: 

V52:: 

V56 

V57 

V58:: 

V59 

V62 

V63 

V64: 

V72 

V78: 

V80: 

V81 

V82 

NV84 

NV87 

NV88 

NV93 

NV95: 

NV96 

NV97 

NV98 

NV99:: 

NV102 

NV103 

NV105 

NV106 

NV107 

NV109 

NV112 

NV113 

NV116 

NV120 

NV124 

NV127 

NV135 

NV136 

NV150 

NV160 

NV168 

NV194 

NV198 

NV210 

NV214 

NV218 

NV219 

NV223 

NV226 

NV227 

NV228 



0.452 
0.455 
0.523 
0.520 
0.511 
0.452 
0.500 
0.555 
0.492 
0.476 
0.476 
0.547 
0.508 
0.473 
0.569 
0.478 
0.786 
0.535 
0.523 
0.517 
0.549 
0.529 
0.487 
0.459 
0.429 
0.495 
0.529 
0.392 
0.444 
0.517 
1.070 
1.178 
0.501 
0.478 
1.058 
0.531 
0.516 
0.461 
0.450 
0.418 
0.491 
0.445 
0.528 
0.489 
0.388 
0.288 
0.496 
0.519 
0.466 
0.481 
0.509 
0.501 
0.426 
0.421 
0.872 
0.540 
0.424 
0.479 
0.461 
0.936 
0.359 
0.375 
0.872 
0.815 
0.529 
0.460 
0.544 
0.343 
0.525 
0.261 
0.924 
0.561 
0.466 
0.502 
0.443 
0.461 
0.519 
0.511 
0.486 
0.329 



0.315 
0.301 
0.341 
0.356 
0.351 
0.228 
0.336 
0.380 
0.340 
0.394 
0.364 
0.392 
0.344 
0.343 
0.288 
0.353 
0.321 
0.317 
0.381 
0.330 
0.341 
0.314 
0.339 
0.278 
0.211 
0.306 
0.342 
0.211 
0.271 
0.313 
1.287 
1.808 
0.314 
0.304 
0.888 
0.334 
0.330 
0.264 
0.287 
0.231 
0.318 
0.229 
0.360 
0.292 
0.170 
0.115 
0.301 
0.368 
0.342 
0.359 
0.313 
0.328 
0.259 
0.229 
0.726 
0.363 
0.302 
0.307 
0.293 
0.839 
0.448 
0.165 
0.741 
0.698 
0.321 
0.300 
0.330 
0.146 
0.358 
0.088 
0.775 
0.319 
0.335 
0.328 
0.271 
0.249 
0.337 
0.303 
0.326 
0.113 



0.256 
0.220 
0.200 
0.218 
0.234 
0.138 
0.171 
0.251 
0.221 
0.257 
0.221 
0.238 
0.264 
0.216 
0.186 
0.224 
1.381 
0.251 
0.236 
0.221 
0.209 
0.188 
0.223 
0.105 
0.080 
0.177 
0.212 
0.092 
0.088 
0.197 
1.461 
2.167 
0.194 
0.170 
0.674 
0.191 
0.212 
0.102 
0.163 
0.121 
0.168 
0.138 
0.216 
0.145 
0.043 
0.059 
0.137 
0.230 
0.203 
0.224 
0.203 
0.207 
0.149 
0.103 
0.556 
0.259 
0.220 
0.140 
0.144 
0.730 
0.176 
0.066 
0.649 
0.548 
0.248 
0.107 
0.173 
0.019 
0.225 
0.023 
0.623 
0.168 
0.183 
0.167 
0.144 
0.112 
0.208 
0.161 
0.195 
0.031 



2.392 
2.351 
2.638 
2.354 
2.363 
2.738 
2.624 
2.369 
2.378 
2.281 
2.218 
2.084 
2.377 
2.225 
2.519 
2.288 
0.782 
2.422 
2.268 
2.466 
2.523 
2.559 
2.363 
2.646 
2.610 
2.529 
2.433 
2.370 
2.812 
2.338 
1.771 
1.873 
2.472 
2.441 
4.873 
2.567 
2.423 
2.741 
2.266 
2.349 
2.682 
2.541 
2.411 
2.536 
2.774 
2.774 
2.608 
2.429 
2.138 
2.259 
2.445 
2.486 
2.753 
2.646 
4.808 
2.371 
2.336 
2.555 
2.626 
1.672 
2.170 
2.643 
1.613 
4.734 
2.307 
2.636 
2.695 
2.535 
2.394 
2.864 
1.644 
2.317 
2.339 
2.489 
2.253 
2.816 
2.386 
2.663 
2.304 
2.680 



4.780 
4.929 
5.468 
5.130 
5.101 
5.493 
5.368 
5.059 
5.153 
4.878 
4.772 
4.474 
5.204 
4.796 
5.227 
4.891 
5.934 
5.142 
4.947 
5.297 
5.313 
5.264 
5.076 
5.617 
5.735 
5.391 
5.177 
4.808 
5.914 
5.090 
3.458 
3.279 
5.314 
5.197 
3.491 
5.404 
5.184 
5.692 
4.611 
5.051 
5.546 
5.285 
5.153 
5.400 
5.980 
5.846 
5.508 
5.132 
4.648 
4.924 
5.274 
5.323 
6.272 
5.465 
3.251 
5.087 
4.881 
5.462 
5.606 
3.466 
4.619 
5.776 
3.284 
3.247 
5.049 
5.420 
5.440 
5.053 
5.272 
5.627 
3.280 
5.101 
4.859 
5.325 
4.759 
5.976 
5.101 
5.588 
4.796 
5.805 



1.046 
1.237 
2.141 
1.563 
1.526 
1.910 
2.132 
1.556 
1.645 
1.087 
1.032 
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1.608 
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1.152 
1.863 
2.004 
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2.238 
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1.736 
0.977 
2.697 
1.596 
5.002 
4.364 
1.902 
1.637 
2.047 
2.086 
1.693 
2.740 
1.000 
1.265 
2.297 
2.428 
1.634 
2.278 
2.844 
3.653 
2.222 
1.648 
0.846 
1.232 
1.820 
1.812 
3.011 
2.292 
1.729 
1.546 
1.328 
2.088 
2.385 
5.340 
1.514 
2.954 
4.894 
1.697 
1.395 
2.623 
2.250 
1.546 
1.772 
5.322 
4.853 
1.824 
1.265 
1.987 
0.771 
2.706 
1.584 
2.349 
1.174 
3.165 
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Table 5 

Physical Parameters derived for RRc Variables in M62 





1 T •» 
llJ 


AA lAA^.. 
IV1 j Mq 


lOg(L/LQ) 


log Jeff 


y 


rr.c /T-ii 
Ire/rij 


\M V ) 






V30 


0.573 


1.681 


3.868 


0.282 


-1.418 


0.733 






V40 


0.525 


1.658 


3.871 


0.292 


-1.180 


0.686 






V53 


0.588 


1.651 


3.873 


0.290 


-1.207 


0.699 






V69 


0.496 


1.658 


3.870 


0.294 


-1.136 


0.725 






NV85 


0.492 


1.663 


3.869 


0.293 


-1.173 


0.719 






NV86 


0.524 


1.646 


3.872 


0.295 


-1.082 


0.746 






NV91 


0.494 


1.660 


3.869 


0.293 


-1.154 


0.714 






NV100 


0.608 


1.651 


3.874 


0.289 


-1.226 


0.736 






NV101 


0.534 


1.666 


3.870 


0.289 


-1.259 


0.689 






NV108 


0.526 


1.655 


3.871 


0.293 


-1.161 


0.760 






NV110 


0.490 


1.678 


3.867 


0.288 


-1.297 


0.652 






NV115 


0.609 


1.654 


3.873 


0.288 


-1.253 


0.736 






NV118 


0.539 


1.661 


3.870 


0.290 


-1.224 


0.723 






NV119 


0.519 


1.674 


3.868 


0.288 


-1.305 


0.719 






NV121 


0.573 


1.654 


3.872 


0.290 


-1.209 


0.756 






NV123 


0.500 


1.650 


3.871 


0.296 


-1.075 


0.730 






M\ 7111 

IN V 1 3 1 


n < 1 n 
U.J 1 / 


1.667 


3.869 


0.290 


-1.247 


U. /{JD 






NV140 


0.435 


1.694 


3.862 


0.287 


-1.347 


0.613 






IN V 1 jj 


U.JZ / 


1.671 


3.869 


0.288 


-1.293 


U. /Uo 






NV175 


0.586 


1.660 


3.872 


0.288 


-1.274 


0.734 






NV224 


0.538 


1.683 


3.867 


0.284 


-1.397 


0.713 






mean 


0.533±0.043 


1.663±0.012 


3.870±0.002 


0.290±0.003 


-1.234±0.009 


0.714±0.033 
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Physical Parameters Derived for RRab Variables in M62 






1 U 


lre/H|j 95 


{My) 


(B-V) 


IR V\ 

logrjf v > 


(V-l) 


IV 7\ 

logrjf 


{V-K) 




V4 


-1.527 


0.782 


0.328 


3.814 


0.479 


3.814 


1.110 


3.810 


V7 


-0.725 


0.840 


0.343 


3.815 


0.498 


3.808 


1.057 


3.813 


V8 


-1.011 


0.843 


0.337 


3.815 


0.491 


3.810 


1.058 


3.814 


V10 


-1.049 


0.808 


0.322 


3.819 


0.472 


3.815 


1.044 


3.816 


V17 


-1.089 


0.830 


0.334 


3.815 


0.487 


3.811 


1.064 


3.814 


V18 


-0.934 


0.848 


0.330 


3.818 


0.481 


3.813 


1.041 


3.816 


V20 


-1.023 


0.867 


0.316 


3.822 


0.464 


3.817 


0.991 


3.822 


V21 


-1.047 


0.868 


0.301 


3.828 


0.444 


3.823 


0.974 


3.824 


V25 


-0.993 


0.875 


0.296 


3.830 


0.439 


3.824 


0.969 


3.824 


V26 


-0.012 


1.047 


0.286 


3.842 


0.424 


3.827 


0.824 


3.837 


V27 


-0.882 


0.868 


0.293 


3.831 


0.435 


3.825 


0.952 


3.826 


V29 


-1.170 


0.768 


0.324 


3.817 


0.475 


3.814 


1.082 


3.812 


V32 


-0.869 


0.843 


0.338 


3.815 


0.493 


3.809 


1.059 


3.814 


V33 


-0.980 


0.813 


0.345 


3.812 


0.501 


3.807 


1.097 


3.810 


V34 


-1.104 


0.772 


0.334 


3.814 


0.487 


3.811 


1.101 


3.810 


V35 


-1.065 


0.847 


0.337 


3.815 


0.490 


3.810 


1.069 


3.813 


V36 


-1.004 


0.774 


0.369 


3.803 


0.532 


3.799 


1.164 


3.802 


V41 


-0.802 


0.862 


0.349 


3.812 


0.506 


3.806 


1.078 


3.811 


V43 


-1.114 


0.828 


0.350 


3.809 


0.508 


3.806 


1.110 


3.809 


V49 


-1.122 


0.825 


0.335 


3.815 


0.488 


3.811 


1.083 


3.812 


V56 


-0.919 


0.837 


0.344 


3.813 


0.500 


3.808 


1.081 


3.811 


V57 


-1.048 


0.831 


0.342 


3.813 


0.497 


3.809 


1.084 


3.811 


V59 


-0.892 


0.828 


0.351 


3.810 


0.509 


3.805 


1.096 


3.809 


V62 


-1.021 


0.834 


0.340 


3.814 


0.494 


3.809 


1.076 


3.812 


V81 


-0.970 


0.843 


0.335 


3.816 


0.488 


3.811 


1.052 


3.815 


V82 


-0.821 


0.875 


0.359 


3.809 


0.518 


3.803 


1.107 


3.808 


NV88 


-0.762 


0.854 


0.357 


3.809 


0.516 


3.803 


1.093 


3.809 


NV93 


-1.113 


0.824 


0.344 


3.812 


0.500 


3.808 


1.091 


3.811 


NV96 


-0.930 


0.874 


0.309 


3.826 


0.454 


3.820 


0.979 


3.823 


NV97 


-0.915 


0.849 


0.343 


3.813 


0.498 


3.808 


1.072 


3.812 


NV98 


-0.909 


0.836 


0.345 


3.813 


0.501 


3.807 


1.073 


3.812 


NV102 


-1.089 


0.799 


0.368 


3.803 


0.531 


3.800 


1.181 


3.801 


NV105 


-1.002 


0.837 


0.327 


3.818 


0.478 


3.813 


1.040 


3.816 


NV106 


-1.189 


0.811 


0.305 


3.824 


0.451 


3.821 


1.038 


3.817 


NV107 


-0.781 


0.868 


0.360 


3.809 


0.519 


3.803 


1.090 


3.810 


NV127 


-1.120 


0.783 


0.310 


3.823 


0.457 


3.819 


1.037 


3.817 


NV160 


-0.879 


0.810 


0.325 


3.820 


0.476 


3.814 


1.033 


3.816 


NV214 


-1.043 


0.817 


0.356 


3.808 


0.514 


3.804 


1.124 


3.807 


NV223 


-1.048 


0.836 


0.333 


3.816 


0.485 


3.812 


1.063 


3.814 


NV226 


-0.921 


0.782 


0.359 


3.807 


0.519 


3.802 


1.138 


3.805 


mean 11 


-0.997±0.144 


0.830±0.030 


0.336±0.019 


3.815±0.006 


0.489±0.024 


3.811±0.006 


1.068±0.049 


3.813±0.005 


Excluding V26. 
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ICorwinet alJd200l . we obtain the metallicities, mean colors, 
and associated temperatures that a re listed in Table [6l for 4 
RRab stars with D,„ < 5 (see also lClement & Sheltonll 19971) . 
Note that V26 is most likely a field star (see and there- 
fore was not taken into account when computing the average 
values for the cluster, as indicated in this table. 

Note that the [Fe/H] values d erived in this way are ac- 
tually in the scale of lJurcsik| d 19951). The la tter is re- 
lated to the more traditional Zinn & West (1984) scale by 
[Fe/H] J95 = 1.431 [Fe/H] zw84 + 0.880. Therefore, the mean 
metallicity [Fe/H] J95 = -0.997 that was derived for the clus- 
ter in Table[6]tr anslates int o a metallicity value [Fe/H] zw84 = 
—1.31 in the IZinn & West! scale. Thi s agree s very well with 
the value adopted for the cluster by iHarrisi dl996l) . namely 
[Fe/H] zwg4 = -1 .29, in his catalog of globular cluster param- 
eters (2003 update), as well as with the value derived from 
the RRc by using the Morg an et al. (2007) calibration, namely 
[Fe/H] zw84 = -1.23 (EB. 

Likewise, we obtain a mean absolute magnitude of (My) = 
0.83 ± 0.03 mag for the RRab stars in the cluster. The faint 
HB is a reflection of the adoption of the Baade-Wesselink 
luminosity zero point in the calibration of this method (see 
Jurcsik & Kovacs 1999, for a discussion). For the same set 
of 39 RRab used to derive this value, we also find (Vrr) = 
16.260 ± 0.03 mag (standard error of the mean), which is also 
in very good agreement with the value of 16.25 mag adopted 
in the 2003 edition of the IHarrisi (fl9 96) catalog. This implies 
an apparent distance modulus of (m-M)y = 15.43 ±0.04 mag 
for M62, which is signific antly sh orter (by 0.21 mag) than 
the value provided in the IHarrisi catalog, and by an e ven 
wider margin (i.e., 0.3 mag ) than the value obtained in §14.11 
on the basis of the Kovacs (1998) My calibration for the c- 
type RR Lyrae. We ascribe these differences to the faint zero 
point adopted in the original My calibrations. If we adopt 
instead the more recent calibration of the RR Lyrae absolute 
magnitude-metallicity relation provided by Catel an & Cortes! 
(2008), and the metallicity value for M62 derived above 
([Fe/H] zw84 = -1.31), we find My (RR) = 0.68 ±0.14, and an 
apparent distance modulus of (m-M)y = 15.58 ±0.14, which 
is much more consistent with the value reported in the IHarrisi 
catalog (being shorter by only 0.06 mag). U sing a reddening 
value of E(B—V) = 0.47 (from IHarrisi fl 996) and a standard 
extinction law with Ay /E(B-V) = 3.1, this implies a distance 
modulus (m-M)o = 14.12 ±0.14, which corresponds to a dis- 
tance of 6.7 ± 1 kpc. 

Note that a distance modulus for the cluster may also be ob- 
tained on the basis of our detected type II Cepheids, namely 
V2 and V73, using equation (3) in lPritzl et aTT (120031) . In this 
way, we obtain for distance moduli of (m-M)y = 15.04 and 
(m-M)y = 15.57 mag, respectively - giving an average dis- 
tance modulus of (m-M)y « 15.31 ±0.26 mag. Given the 
large error bar, this value is not inconsistent with the one de- 
rived on the bas is of the RR Lyrae sta rs. 

As noted by lContreras et al.l (2005), M62 may harbor long- 
period RRc's (see their Fig. 2), which are exceeding ly rare 
among Galactic globular clusters (see Catelan 2004b, for a 
review). In order to check the pulsation status of the two can- 
didate long-period RRc stars that we have found in the clus- 
ter, namely NV104 and NV171, we hav e used several diag- 
nostic s from ISimon & Teaysl (119821) and iClement & Sheltonl 
d 1997b . who have shown that the RRab and RRc stars oc- 
cupy distinctly different positions in the A%u 4>2i plane in 
particular, as well as the Sk (skewness) parameter defined by 



IStellingwerf & Donolioel dl987l) . Figure |2] shows that, for the 
RR Lyrae with clean light curves in our sample, most of the 
ab-type RR Lyrae do indeed have values of A21 > 0.3, and 
vice-versa for the RRc stars. Similarly, most of the RRc stars 
have Sk < 2, whereas most of the ab-type RR Lyrae have 
Sk > 2. As can be seen, in all plots but the one showing 03 1 
as a function of logP one finds that the positions of these two 
stars are closer to the locus occupied by RRc than RRab stars. 
The atypical position of NV104 and NV171 in the cf> 31 -logf 
plane is particularly intriguing, in view of the fact that, if these 
stars are indeed c-type RR Lyrae, their periods would clearly 
be longer than the vast majority of even the ab-type RR Lyrae 
in the cluster. 

5. CMD AND REDDENING 

On the basis of our ALLFRAME reductions, we were able 
to obtain a deep CMD for M62, which we show in Figure [3] 
The CMD properties will be discussed in detail in a forthcom- 
ing paper (Contreras et al. 2010, in preparation), and we show 
it here with the main purpose of verifying whether the posi- 
tions of the variable stars that were detected in our field are 
consistent with cluster membership - which is clearly con- 
firmed for the vast majority of the stars. One obvious ex- 
ception is provided by the RRab star V26, which is clearly 
a foreground field RR Lyrae. That V26 is a field star is also 
suggested by the near-solar metallicity derived for it on the 
basis of its Fourier decomposition parameters (see Table |6]). 
The membership status of NV224 and NV227, on the other 
hand, is less clear, for while their CMD positions suggest 
that they may be RR Lyrae stars in the cluster background, 
their Fourier-based metallicities do not clearly point to them 
as being anomalous . In like vein , the ir metallicity values , 
as derived using the lJurcsikl d 19951) and lMorgan et al] (120071) 
techniques, suggest [Fe/H] values of -1.40 (for NV224) and 
-1.35 (for NV227), neither of which is clearly inconsistent 
with the cluster's metallicity. The derived [Fe/H] value for 
NV227 should be taken with due caution though, in view of 
the star's fairly large D m value (see Table|4|. 

Unfortunately, as can be seen from Figure[3](left panel), the 
cluster CMD is severely affected by differential reddening, 
which is not unexpected in view of M62's large foreground 
reddening and low Galactic latitude. On the other hand, the 
presence of a large number of RR Lyrae variable stars across 
the face of the cluster can provide us with a handle of this 
problem, since RR Lyrae stars can themselves provide de- 
pendable reddening estimates, particularly on the basi s of the 
color s of the ab-type RR Lyrae at minimum light (e.g., Blanco 
[1991 . 

We have applied the Blanco] d 19921) technique to 7 1 stars 
in our RRab sample, and thus obtained a two-dimensional 
reddening map across the face of the cluster. In this case, 
we adopted the same [Fe/H] value for all the RRab stars, 
namel y [F e/H] = -1.31, as derived from Fourier decomposi- 
tion (94.211. an d which is very similar to the value listed in the 
Harris (1996) catalog, namely [Fe/H] = -1.29. We then ex- 
perimented with several different techniques for interpolating 
on this map to obtain reddening values for indivi dual cluster 
stars, finally opting for a L OESS smoother (IClevelandll 19791 : 
Cleveland & Devlin 1988). That this provided very good re- 
sults can readily be appreciated by comparing the differential 
reddening-corrected CMD (Fig. Q] right panel) with the origi- 
nal one. A zoomed-in plot around the HB region is shown in 
Figure 21 

We also note the anomalous positions of stars NV225 (an 
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Figure 2. Pulsation mode diagnostics for RR Lyrae stars. In all panels, circles 
of the variables discussed in the text are indicated by their V (or NV) number. 

RRc) and V23 (an RRab) in the CMD. Not only are these stars 
brighter and redder than other RR Lyrae stars in the cluster, 
but also - and importantly - they also present peculiarly large 
As/Ay amplitude ratios. This strongly suggests that they are 
blended with redder companions. 

In order to verify whether those variable stars for which we 
were not able to obtain average magnitudes and colors over 
the full pulsation cycle belong to M62, we have included a 
third CMD in Figure [5] In this case, the variable stars were 
simply identified in the photometry catalog and plotted in the 
CMD using mean magnitudes and colors computed as simple 
averages of the available photometric data. While this neces- 
sarily leads to increased scatter in the derived CMD positions 
(as is particularly obvious around the RR Lyrae region of the 
CMD), it also allows us to investigate the likelihood that these 
stars may be cluster members. To further aid us in this direc- 
tion, we overplot in Figure [5] two model isochrones from the 



cate c-type RR Lyrae stars, whereas squares indicate ab-type RR Lyrae. Some 

iPietrinferni et alJ (120061) set, computed for a chemical com- 
position consistent with that of the cluster (in green, reddened 
and vertically shifted in order to match the HB of the cluster) 
and for a chemical composition consistent with a bulge field at 
the position of the cluster (in red, plotted using the same dis- 
tance modulus as obtained for the cluster). From their CMD 
positions, it appears that most of the LPV stars discovered 
in this paper (i.e., 18 out of 25) are likely cluster members, 
with only a few LPV candidates likely belonging to the bulge. 
Note also that NV231, which we originally classified as an 
LPV candidate, may actually be more properly classified as a 
background type II Cepheid, judging from its position in the 
CMD. 

Finally, we note that all those RR Lyrae stars for which we 
derived metallicities using Fourier decomposition, and which 
are located inside the cluster's tidal radius, present chemical 
abundances that are compatible with M62 membership, ex- 
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Figure 3. Our derived CMD for the cluster, with the mean values for the detected variable stars overplotted. Circles indicate c-type RR Lyrae, squares ab-type 
RR Lyrae, and triangles type II Cepheids. The diagram on the right is the same as the one on the right, but with differential reddening accounted for as described 
in the text. 



cept for the already cited case of V26 - thus suggesting that 
most of the variable star candidates in the cluster outskirts are 
indeed cluster members. 

6. ON THE OOSTERHOFF TYPE OF M62 

The Oosterhoff phenomenon is of great astrophysical im- 
portance, given the information that it carries on the early for- 
mation history of the Milky Way and its neighboring galax- 
ies (e.g jKuehn et alj2008t [Catelan 2009t lMoretti et alj2009l 
and reference s therein), and (increas i ngly) in the Andromeda 
system (e.g.. IContreras et aH 120081: IClementini et al.l 120091 : 
iFiorentino et alJl2010 : Saraje dini et alJ|2009L and refe rences 
therein). As recently summarized by ICatelanl ((2009), there 
is a general tendency for bona-fide Galactic globular clus- 
ters to present the so-called Oosterhoff dichotomy, i.e., a 
sharp division between Oosterhoff type I (Ool) systems, with 
(Pab) ~ 0.55 d, and Oosterhoff type II (OoII) systems, with 



(Pab) ~ 0.65 d, with exceedingly few Galactic globulars occu- 
pying the range between 0.58 < (P fl /,(d)) < 0.62. On the con- 
trary, nearby extragalactic globular clusters and dwarf galax- 
ies occupy preferentially the latter average period interval, 
thus clearly revealing a difference in (early) formation history 
between bona-fide Galactic and nearby ex tragalactic systems. 

As discussed by IContreras et alj ([2005 ), there is at present 
some debate as to whether the Oosterhoff type of a globu- 
lar c luster is determined chie fly by the morphology of the 
HB (IClement & Sheltonl [l999). or whether metallicity plays 
an important role as well - as would be supported by theo- 
retical calculations that indicate different evolutionary paths 
for HB stars of different metallicities but similar zero-age HB 
(ZAHB) temperatures, and thus a different efficiency of pro- 
duction of stars evolved a way from the ZAH B as a function 
of metallicity (see §5.7 in Pr itzl et al.l 12002. and references 
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Figure 4. As in Figuref5](right panel), but zooming in around the HB. 



therein). As noted by IContreras et all M62 provides a near- 
ideal test of the relative importance of HB morphology and 
metallicity in defining the Oosterhoff type of a globular clus- 
ter, given that the cluster possesses a predominantly blue HB, 
as in the case of most OoII clusters, but is also a fairly metal- 
rich object, as in the case of most Ool clusters. 

Her e we confirm the preliminary results by IContreras et alj 
(2005), finding that the mean periods of the ab-type RR Lyrae 
in M62 support an Ool classification for the cluster, thus 
clearly showing that, at least in the case of M62, metallicity 
is the dominant factor that defines the Oosterhoff type. In- 
deed, let us assume, as a first approximation, that all of our 
detected variables are cluster members. In this case, and tak- 
ing our homogeneous sample of 133 RRab's and 76 RRc's 
into account, we derive for the cluster average pulsation pe- 
riods of (Pab) = 0.547 d and (P c ) = 0.302 d, thus confirming 
the preliminary values reported by IContreras et all which are 
quite typical for Ool systems. If the 5 RRab and 3 RRc with 
uncertain classification - namely, NV112, NV120, NV137, 
NV187, NV194 and NV134, NV149 - are removed, we ob- 
tain (Pai,) = 0.548 d and (P c ) = 0.301 d. As we have seen, the 
membership status for the RRab stars V26 and NV227 and 
the RRc variable NV224 is also questionable; if we further re- 
move these stars from the final tally, we obtain (Pab) = 0.550 d 
(126 RRab stars) and (P c ) = 0.302 d (73 RRc stars). 

As discussed by Catelan et al. (2010, in preparation), (P a b) 
and P a b,min are the two quantities that most strongly define 
the Oosterhoff type. For M62, the shortest-period RRab is 
NV188, and thus P a b,mm = 0.436 d - which again clearly indi- 
cates an Ool classification. 

As a matter of fact, as shown in Figure [6] the detailed pe- 
riod distribution is quite similar for both the prototypical Ool 
globular cluster M3 and M62, with the main differences be- 
ing a somewhat shorter mean period for the RRc stars in M62 
and a slightly broader distribution of ab-type periods. The 
period-amplitude diagram may also provide further insight 
into these differences, in addition to useful information re- 
garding the Oosterh off classification of stellar systems (e.g., 
Cacciari et al. 2005, and references therein). How does this 
diagram look in the case of M62, once those RRab stars iden- 
tified as peculiar (i.e., with D m > 5.0) have been removed? 

The answer is provided in Figure [7] where both the Ay — 
\ogP (upper panel) and A^-logP (lower panel) planes are 



shown. In these figures, we also provide refe rence lines for 
Ool an d OoII globular clusters, as derived by Cacci ari et al 
(2005) and summarized in eqs. (10)-(15) in IZorotovic et al 



(2010). Clearly, there is a tendency for most of the ab-type RR 
Lyrae to fall around the Ool line in this diagram, which again 
is fully consistent with an Ool classification for the cluster. 
The RRc's, on the other hand, appear to have shorter periods, 
at a given amplitude, than indicated by the refe rence Ool line, 
which in turn is based on the M3 RR Lyrae (ICacciari et al.l 
2005), which is consistent with the pattern observed in Fig- 
ure^ A po ssible interpretation for the se differences has been 
provided by Clement & Sheltqn| dl999h . who pointed out that, 
in the period-amplitude diagram, well-behaved RRab stars 
of different metallicities seemed to follow a fairly universal 
mean locus, defined solely by their Oosterhoff types, whereas 
the RRc's, on the contrary, presented systematic deviations 
towards shorter periods (at a given amplitude) with increasing 
metallicity. Given that M62 is more metal-rich than M3, this 
provides a reasonable explanation for our results. 

There is, however, one aspect of the M62 variable star popu- 
lation that may not seem immediately compatible with an Ool 
classification, namely, the number fraction of c-type variables 
f c . It has long been thought that the latter quantity is a strong 
discriminator of Oosterhoff type, with f c ~ 0.17 for the Ool 
sy stems, and f c ~ 0.44 for OoII systems (see, e.g., Table 3.2 
in ISmithl 19951) . In the case of M62, we find f c = 0.363, which 
is intermediate between these two reference values, but closer 
to the one for OoII systems. However, as discussed more re- 
cently by Catelan et al. (2010, in preparation), f c is actually 
not a particularly reliable indicator of Oosterhoff type, with 
known Ool systems covering a wide range in f c values, from 
f c w up to 0.65 (with most of the objects falling in the range 
0.2 < f c < 0.4), and likewise known OoII systems covering 
the range from f c w 0.1 up to 0.6 (with most of the objects 
falling in the range 0.3 < f c < 0.55). We thus conclude that 
the fc value for M62 is not inconsistent with an Ool type clas- 
sification for the cluster; the fact that it is slightly larger than 
for most Ool systems is likely due to the fact that M62 also 
has one of the bluest HB typ es among O o l glob ulars. 

As discussed by (e.g.) ICorwin et al.l (120031) . the average 
physical parameters of the c- and ab-type RR Lyrae, as de- 
rived on the basis of Fourier decomposition of their light 
curves, can also provide a useful consistency check of the 
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Figure 5. As in FigurefJ] but including the variable stars for which the aver- 
age magnitudes and colors can only be roughly estimated, due to insufficient 
phase coverage. Filled squares indicate candidate LPV stars. Isochrones for 
characteristic cluster and bulge chemical compositions are shown as green 
and red lines, respectively. 

derived Oosterhoff type. In Tables [7] and [8] we accordingly 
compare some of the physical parameters that we derived on 
the basis of the Fourier decomposition method (@ with those 
similarly derived for other clusters in the literature, for the 
RRc and RRab stars, respectively. As can be seen from these 
tables, the Fourier-based physical parameters that we derived 
for M62 are again entirely consistent with an Ool classifica- 
tion for the cluster. 

7. THE A-PARAMETER AND THE HE ABUNDANCE IN M62 

Recently, several authors have suggested that He abundance 
enhancement s may be quite common place among globular 
clusters (e.g., D' Antona & Caloi 2008). In this scenario, glob- 
ular clusters with predominantly blue HB morphologies are 
suggested to be helium rich, and thus it is worthwhile to check 
the RR Lyrae stars in M62 in search for evidence of He en- 





0.2 0.4 0.6 0.8 

Period (Days) 

Figure 6. Period histogram for the RR Lyrae stars in M62 (dashed line) and 
for the RR Lyrae stars in the prototypical Ool globular cluster M3 (solid line). 



hancement that might help explain its bl ue HB. 

As i s well known, the "A-method" of Cap uto & CastellariH 
(119751) can provide strong constraints on the presence (or 
otherwise) of He enrichment among RR Lyrae stars. From 
the period-mean density re lation of stellar pulsation theory 
(van Albada & Baker 1971), one finds 



logf = 11. 497 + 0.84 A -3. 481 logr eff , 



(2) 



where 



A = log(L/L )-O.811og(M/M ), (3) 
with the period in days and the temperature in K. Therefore, 

A = 13.353- 1.19 logP-4.058 log T eB . (4) 

Si milarly, on the basis of the more r ecent models 
by ICaputo. Santolamazza. & Marconil (119981) . ICacciari et alJ 
(2005f obtain 



A = 13.687- 1.191ogf-4. 144 logr e ff. 



(5) 



Thus defined, the A-parameter can therefore be easily 
computed on the basis solely of period measurements and 
estimates of the stellar temperatures. As already men- 
tioned, this parameter is strongly sensitive to the He abun- 
dance; in particular, acc ording to the ZAHB models of 
ISweigart & Catelanl dl998l) for Z = 0.002, A depends on Y ac- 
cording to (dA/dY)T c[t .z — 1-56, in the range of Y between 
0.23 and 0.28. For comparison, the dependence on Z at fixed 
Y is much milder, the same models indicating, in the range be- 
tween Z = 0.0005 and Z = 0.002, a slope (dA / d\ogZ) T . n Y ~ 
-0.05. 

Here we provide a comparison with the globular clus- 
ter M3, which has been extensively studied previously, and 
which has a metallicity fairly similar to M62's. In partic- 
ular, A-parameter values can be derived for the ab-type RR 



Variable Stars in M62 



17 



Table 7 

Mean Parameters for RRc Stars in Globular Clusters (from Fourier Decomposition) 



ID 


Oo Type 


[Fe/H] H03 a 


No. of Stars 


M/Mq 


log(L/L ) 


7k(K) 


V 


NGC 6362 b 


j 


-0.95 


14 


0.53 


1.66 


7429 


0.29 


NGC 6171 (M107) c 


j 


-1.04 


6 


0.53 


1.65 


7447 


0.29 


wnr fMS^ 




—1 27 


14 


54 




/ jjj 


28 


NGC 6266 (M62) 


I 


-1.29 


21 


0.53 


1.66 


7413 


0.29 


NGC 6229 e 




-1.43 


9 


0.56 


1.69 


7332 


0.28 


NGC 6934 f 




-1.54 


4 


0.63 


1.72 


7290 


0.27 


NGC 5272 (M3)8 




-1.57 


5 


0.59 


1.71 


7315 


0.27 


NGC 7089 (M2) h 


II 


-1.62 


2 


0.54 


1.74 


7215 


0.27 


NGC 5286' 


II 


-1.67 


12 


0.60 


1.72 


7276 


0.27 


NGC 6809 (M55)i 


II 


-1.81 


5 


0.53 


1.75 


7193 


0.27 


NGC 4147 k 


I 


-1.83 


9 


0.55 


1.69 


7335 


0.28 


NGC 2298 1 


II 


-1.85 


2 


0.59 


1.75 


7200 


0.26 


NGC 4590 (M68) m 


II 


-2.06 


16 


0.70 


1.79 


7145 


0.25 


NGC 7078 (M15) 11 


II 


-2.26 


8 


0.76 


1.81 


7112 


0.24 


NGC 6341 (M92)° 


II 


-2.28 


3 


0.64 


1.77 


7186 


0.26 



a From the Harris 1 1996) catalog (Feb. 2003 issue). 

b From lOlech et all t200H). 

c From Kaluznv et al. i 2000). 

d From Kaluznv et al. (2000). 

e From Borissova et al. i 200 1 ). 

f From Kaluznv et al. (2001). 

8 From Kaluznv et al. 1 1998). 

h From Lazaro et al. ( 2006). 

1 From Zorotovic et al. ( 2010). 

j From[01ech et al. 1 1 99§. 

k From Arellano Ferro et al] 120041) . 

I From|Clement et al. i 19951) . 

m From Clement & Shelton i 1997). 

II From Arellano Ferro et al. 1 2006). 
From[Lazaro et al. i 20061) . 



Table 8 

Mean Physical Parameters for RRab Stars in Globular Clusters (from Fourier Decomposition)" 



ID 


Oo Type [Fe/H] H03 


No. of Stars 


[Fe/H] zwg4 


[Fe/H] J95 


rjr>(K) 


My 


NGC 6362 


I -0.95 


14 


-1.26 


-0.93 


6555 


0.86 


NGC 6171 (M107) 


I -1.04 


3 


-1.25 


-0.91 


6619 


0.85 


NGC 1851 b 


I -1.22 


7 


-1.43 


-1.17 


6494 


0.80 


NGC 5904 (M5) 


I -1.27 


26 


-1.47 


-1.23 


6465 


0.81 


NGC 6266 (M62) 


I -1.29 


39 


-1.31 


-0.99 


6501 


0.83 


NGC 6229 


I -1.43 


9 


-1.60 


-1.41 


6383 


0.81 


NGC 6934 


I -1.54 


24 


-1.53 


-1.31 


6455 


0.81 


NGC 5272 (M3) 


I -1.57 


17 


-1.60 


-1.42 


6438 


0.78 


NGC 7089 (M2) 


II -1.62 


9 


-1.64 


-1.47 


6276 


0.71 


NGC 5286 


II -1.67 


12 


-1.68 


-1.52 


6266 


0.72 


NGC 6809 (M55) 


II -1.81 


3 


-1.77 


-1.65 


6333 


0.67 


NGC 4147 


I -1.83 


5 


-1.46 


-1.22 


6633 


0.80 


NGC 7078 (M15) 


II -2.26 


11 


-1.92 


-1.87 


6237 


0.67 


NGC 6341 (M92) 


II -2.28 


5 


-1.92 


-1.87 


6160 


0.67 



a References are the same as in TablelTl except as noted. 
b From lKaluznv et aljt2000l) . 

Lyrae stars in M3, based on the temperatures derived by 
iKaluzny et alJ {1998) from their Fourier decomposition of the 
V-band light curves. Their procedure is essentially identical 
to the one adopted in our paper to derive the temperatures 
listed in the last column of Table|6] and thus A-parameter val- 
ues for M62 RR Lyrae derived on the basis of these temper- 
atures can be directly compared with those for M3 RR Lyrae 
stars, based on the temperatures derived by Kaluzny and co- 
workers. As a result, we find for M3 a (A) = 1.803 ±0.023, 
and for M62 a (A) = 1.806 ±0.024, implying a difference of 
AA = 0.003 ±0.033 between M62 and M3. (The standard de- 
viation of the means are indicated.) If due to a difference in 
He abundance, these values suggest that M62 is more He-rich 



than M3, but by only about 0.002 in Y. Within the errors, this 
comparison suggests that the RR Lyrae stars in M3 and M62 
have closely the same He abundance. 

On the other hand, the fact that the average A values are 
closely the same for both M3 and M62 does not necessar- 
ily imply that, at any given temperature, no offset between the 
two clusters in present. To check for the presence of such pos- 
sible offsets, we compare in Figure[8]the derived distributions. 
Intriguingly, and in contrast with what was found in Figure[7£l 



7 Recall that the reference Ool line in Figure|7J from Cacciari et al] 120051) . 
indicates the locus occupied by the presumably "unevolved" RR Lyrae stars 
inM3. 
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Figure 7. Bailey (period-amplitude) diagram for the RR Lyrae stars in M62, 
compared with reference lines for RR Lyrae stars in Ool and OoII globular 
clusters. Top: Ag-logP diagram; bottom: Ay — logP plane. 



there does appear to be an offset between the two clusters, 
with the deviation of M62 datapoints from the M3 regression 
line in the A - T e s plane (solid line in Fig. [8} amounting to 
AAr etf = 0.020±0.012. If due to a difference in He abundance, 
this would imply that the M62 RR Lyrae stars are more He- 
rich than their M3 counterparts, by abou t 0.013 ±0.008 in Y 
This result is confirmed if, instead of the Kal uzny et alJ (119981) 
Fourier parameters for M3 RR Lyrae sta rs we use those more 
recently derived by Cacci arTet al.l d2005[) . Further work on the 
temperatures of M62 RR Lyrae stars will be required before 
we are in a position to conclusively settle this issue. 



1.85 - 
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Figure 8. In this figure, A-parameter values, as derived on the basis of equa- 
tion|5]for ab-type RR Lyrae stars, are plotted as a function of temperature, as 
derived based on Fourier decomposition (V — K colors). Squares indicate M62 
stars, whereas circles represent M3 stars. The straight line is a least-squares 
fit to the M3 data. See text for more details. 

8. SUMMARY 

In this paper we have provided a detailed account of the 
time-series observations that we have collecte d for the Galac- 
tic glo bular cluster M62, first reported on in IContreras et alJ 
(2005). Our results indicate that M62 is one of the most RR 
Lyrae-rich (in the sense of total number of RR Lyrae stars 
present) globular clusters known in the galaxy, and it is ac- 
tually not unlikely that future studies will reveal that it is the 
most RR Lyrae-rich globular cluster known. In like vein, M62 
appears to be the globular cluster with the largest known num- 
ber of LPV stars in the Milky Way, thus making it a very at- 
tractive benchmark object for future RR Lyrae and LPV stud- 
ies alike. 

Discussing the distribution of variable stars in the clus- 
ter's CMD, we find that most of the detected variables are 
likely cluster members. The CMD of the cluster is, however, 
severely affected by differential reddening; we have accord- 
ingly taken benefit of the large number of RR Lyrae variables 
that are present in the cluster to build a 2-D reddening map for 
the cluster, which allowed us to present a "corrected" CMD 
that is much less strongly affected by differential reddening. 
A full analysis of the cluster CMD will be presented in a forth- 
coming paper (Contreras et al. 2010, in preparation). 

From an analysis of the pulsation periods of the detected RR 
Lyrae stars, we provide an updated metallicity ([Fe/H]zw84 = 
-1.31, based on Fourier decomposition of the RR Lyrae light 
curves) and distance modulus [{m-M)y = 15.58, based on 
the re cent M V (HB)- [Fe/H] calibration bv lCatelan & Cortes! 
2008] estimates for the cluster. In addition, we discuss a vari- 
ety of Oosterhoff indicators, including the mean periods, pe- 
riod distribution, and Bailey diagram, and conclude that the 
cluster is an Ool object, in spite of its blue HB morphology 
but consistent with its moderately high metallicity. Therefore, 
metallicity does play an important role in defining Ooster- 
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hoff t ype, at least in the case of M62 (see also lContreras et all 
[2005b . Finally, based on an application of the "A-method," we 
conclude that the M62 RR Lyrae stars likely have a similar He 
abundance as M3, although more work on the temperatures of 
the M62 RR Lyrae is needed before this result can be conclu- 
sively established. 
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APPENDIX 
SAMPLE LIGHT CURVES 



Here we show a representative sample of light curves for the newly discovered variable stars in M62. The full set of derived 
light curves, including our light curves for the previously known variables in the cluster, can be found in the electronic version of 
this paper. 
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Figure 9. Sample light curves for newly- discovered ab-type RR Lyrae stars. (The full set can be found in the electronic version of this paper.) 
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Figure 10. Sample light curves for newly-discovered c-type RR Lyrae stars. (The full set can be found in the electronic version of this paper.) 
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Figure 11. Sample light curves for newly-discovered type II Cepheids. (The full set can be found in the electronic version of this paper.) 
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Figure 12. Sample light curves for newly-discovered long-period variables. (The full set can be found in the electronic version of this paper.) 
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Figure 13. Light curves for NV1 14, a newly discovered eclipsing binary. 
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Figure 14. Sample light curves for newly-discovered variable stars whose classification remains unclear. (The full set can be found in the electronic version of 
this paper.) 



